Background. The aim of this study was to elucidate the effect of geographical differences in the age at peak height velocity (APHV) and height at peak height velocity (HPHV) on final height, at a prefectural level, and to evaluate the current average height status of 47 prefectures in Japan.
1 Geographical differences in the effects of age and height at peak height velocity on final body 2 height: An analysis of a population-based cross-sectional growth curve in Japan In recent years, it has been reported that the increase in the prevalence of childhood obesity has 45 led to an acceleration in sexual maturation (Burt & McCartney, 2010; Yokoya & Higuchi, 2014;  46 Wang, 2002) . Several studies have reported that precocious puberty leads to reduced pubertal 47 height gain, and exerts a negative effect on the final height (Limony, Kozieł & Friger, 2015;  48 Pinhas-Hamiel et al., 2017; Ibáñez et al., 2000). 49 Whereas, over the past few decades, puberty has been setting in earlier worldwide, and this is 50 accompanied by an improvement in the physique of children (Delemarre-van de Waal, 2005; 51 Karlberg, 2002) . Several studies have reported that earlier growth has a positive or neutral effect Generally, there is an inverse compensatory phenomenon between height at pubertal onset, the 54 intensity and duration of pubertal growth, the effect of making a stock before puberty and the effect 55 of making a growth during puberty act complementarily (Karlberg, 2002; Vizmanos et al., 2001) . 56 These phenomena complicate the performance of analyses at the individual or population levels, 57 and make it difficult to elucidate the effect of pubertal timing on final height. 58 To address the aforementioned issue, some researchers mathematically described that both age 59 and height at the onset of the puberty were correlated to final height (Limony, Kozieł & Friger, 60 2015; Karlberg et al., 2003) . They reported that, in spite of the weak correlation between age at 61 the onset of puberty and final height, the correlation became strong when the parameter "height at 62 the onset of puberty" was included in the regression analysis. Using this correlation, they compared 63 the effect of age and height at the onset of puberty on final height. 64 In this study, we created a prefectural-level, population-based, cross-sectional growth curve 75 to elucidate the effect of geographical differences in the APHV and HPHV on final height, at a 76 prefectural level, and evaluate the current average height status, in Japan. This was an ecological study conducted using prefecture-level data on Japanese youth and 81 children. Figure S1 shows a map of the 47 prefectures in Japan. Japan is a long, thin archipelago, 82 with its longest axis oriented from the north to the south. Each prefecture was given a number 83 corresponding to the information presented in Table S1 . 
95
The infancy-childhood-puberty (ICP) growth model was applied to the mean height data of each 96 year and prefecture (birth and 5-17 years, [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] To fit the data, first, a search was started for a second-degree polynomial function that fits the 120 height between 3 and 10 years well, and reaches its maximum at 20 years, when height growth 121 usually stops. However, in our study, the birth height and height data of only children older than 122 5 years were available; therefore, the fitting of the data with the childhood component was 123 performed with data from 5-to 10-year-old children. Furthermore, fitting of the data with the 124 childhood component for girls was performed with data of 5-to 9-year-old children, because 125 Japanese girls generally mature faster than girls in Europe and the US (Matsuo, 1993 Karlberg, 2001) . The age at peak height velocity (APHV) and height at peak height velocity 143 (HPHV) were also obtained from a comparison of the growth curve and the height velocity curve.
144 Figure 1 shows the fitting of the ICP growth curve (distance curve) and height velocity curve, in 145 boys in the Hokkaido prefecture, as an example.
146
The root mean square error (RMSE) was calculated from the mean height data at each year (birth Table S1 . Table 1 shows the basic statistics of the PHV, APHV, HPHV, and final height. The maximum 166 APHV values were observed in Kyoto (males) and Kanagawa (females), and the minimum APHV 169 Okinawa, in both sexes. The maximum final heights were observed in Akita, and the minimum 170 final heights were observed in Okinawa, in both sexes.
171 Table 2 shows the basic statistics of the coefficients of the ICP growth curves of each component 172 for each prefecture. The coefficients correspond to formulae (1) to (3), as mentioned in the 173 Methods. Due to a lack of data, not all the coefficients could be used for interpretation. The 174 coefficient a 2 of the second-degree polynomial function controls the sharpness of the curvature of 175 the childhood component. The minimum (i.e. most sharp) coefficient a 2 was observed in the 176 Aomori prefecture, for both sexes. The coefficient a 3 denotes the amount of growth during puberty. 177 The maximum a 3 was observed in Shimane (males) and Nagano (females), and the minimum a 3 178 was observed in Miyagi (males) and Aomori (females).
179 Table 3 However, when the APHV was lower, the amount of growth of the puberty component decreased 201 (Table 3) (Table 3) . Conversely, in general, gradual growth 210 during childhood delays the APHV, and the subsequent pubertal component becomes moderate;
211 however, the adolescent height gain increases. 230 However, it has not pathologically changed the average value of physique, at the prefecture level.
232 Education, Culture Sports, Science and Technology). Based on these facts and under the present 233 circumstances in Japan, it is unlikely that obesity has reduced the average final height, across 234 prefectures. Additionally, the standardized coefficients of the APHV in the multiple regression 235 were half of those of the HPHV. Even if the APHV is advanced by obesity, the increase in final 236 height will be minimal.
237
However, despite the average height being at its highest ever, regional differences in height still 238 remain in Japan. Children in the northern regions of Japan tend to be taller than those in the 239 southern regions, and a geographical gradient exists (Figure 2 and 3) . Although the existence of 240 this phenomenon has been known for at least 50 years, the underlying mechanism remained According to this theory, the regional differences in the HPHV values of Japanese children may 258 be caused by differences in thyroid hormone activity, brought on by differences in the 259 photoperiodic environment. Generally, thyroid hormones have a significant influence on the 260 growth phase before puberty (Karlberg & Albertsson-Wikland, 1988) . In this study, the regional 261 differences in body height were predominantly expanded in the childhood component, and they 262 persisted until the final height was achieved (Table 1) . From the above data, it could be concluded 264 The multiple regression analysis showed that the APHV and HPHV were statistically 265 independent. This implies that the cause of the regional differences in the HPHV is independent 266 of the regional differences in obesity and nutritional intake, which are considered to cause the 267 regional differences in the APHV. In recent decades, the Japanese physique has improved 268 significantly, and the APHV and HPHV were thought to have advanced in parallel. Improved 269 nutrient intake may have played a major role in this. However, the current regional differences in 270 the HPHV were likely caused by factors other than nutritional intake. In fact, the distributions of 271 the prevalence rates of obesity and height do not coincide. In some prefectures, the prevalence of 272 obesity is on the rise despite the people there being of short stature (Yokoya & Higuchi, 2014). It 273 is unlikely that regional differences in height are caused by regional differences in nutritional 274 intake.
275
If the geographical differences in body height are caused by geographical differences in day 276 length, it can be concluded that the HPHV is region-specific. After peaking between 1997 and 277 2001, the height of Japanese youth, across prefectures, has remained at a highest-ever level 278 (Ministry of Education, Culture Sports, Science and Technology). From these facts, it is unlikely 279 that changes in the HPHV leads to an increase in the final height average, across prefectures.
281

Conclusions
282
The aim of this study was to elucidate the effect of geographical differences in the APHV and 283 HPHV on final height, at a prefectural level, and to evaluate the current, average height status in 284 the Japanese population. We found that the final height has increased, due to the earlier APHV 285 and higher HPHV.
286
From the perspective of the average value of each prefecture, in the present situation, the effect 287 of an earlier APHV in increasing the amount of growth of the childhood component exceeded its 288 effect in reducing the growth of the puberty component. In short, final height is dependent on the 289 height growth in the early stages of childhood.
290
Given the trends over the past several decades, the increase in the APHV may be attributed to 291 the increase in the prevalence of obesity. However, the increase in final height due to this is 292 considered to be minimal. While the final height, across prefectures, reached a plateau in 2001, 293 geographical differences in body height still remain. There is a possibility that current regional 294 differences in the HPHV are region-specific, and cannot be ignored. It is unlikely that increases in 296 In the future, it is necessary to conduct a detailed investigation of the influence of the APHV 297 and HPHV on final height, by focusing on the regional differences in the prevalence of obesity or 298 differences in growth, by era. While we focused on the APHV, in this study, research focusing on 299 the onset of the pubertal growth spurt is required.
300
All ecological studies are potentially prone to ecological fallacy. Therefore, the findings of our 301 study should be interpreted cautiously. Furthermore, cross-sectional studies have some limitations 302 that may influence the results. Therefore, careful assessment of whether the findings of our study 303 have the same physiological meaning as those of previously conducted longitudinal studies, based 304 on individual-level data, is required. Despite the averaging of individual information, we found a 305 clear association between APHV and HPHV, and final height, suggesting that some causes of the 306 differences in the APHV or HPHV are region-specific (independent of individual differences) and 307 persist, across prefectures. Identifying and tracing region-specific factors should be considered an 308 essential public health priority (Maier et al., 2014) . 321 Table S1 . Coefficients of the infancy-childhood-puberty growth curves, age at peak height 322 velocity, peak height velocity, height at peak height velocity and final height in each component 323 obtained for each prefecture. Example of the fitting of the infancy-childhood-puberty growth curve.
Figure 2
Distribution map of the peak height velocity, age at peak height velocity, height at peak height velocity, and final height in boys.
Figure 3
Distribution map of the peak height velocity, age at peak height velocity, height at peak height velocity, and final height in girls.
